Introduction to skin cancer prevention
======================================

Over 3.5 million cases of skin cancer are diagnosed in the US every year.[@b1-prbm-7-009] The most common are basal cell carcinoma and squamous cell carcinoma. The less common but potentially more deadly is malignant melanoma which accounts for about 75% of skin cancer deaths; and 1 in 49 people will be diagnosed with malignant melanoma during their lifetime.[@b2-prbm-7-009] Ultraviolet light is the most important carcinogen for the genesis of skin cancers, and solar radiation is classified as a carcinogen and the main source of human exposure to UV radiation.[@b3-prbm-7-009] Excessive sunlight exposure, especially when associated with sunburn history, has been implicated as the main environmental agent responsible for skin cancer occurrence.[@b4-prbm-7-009]

Since the Slip! Slop! Slap! campaign conducted by the Anti-Cancer Council of Victoria, Australia in 1980, numerous public health campaigns have been carried out to increase knowledge and awareness of the dangers of UV exposure and benefits of sun protection in countries with a large white population.[@b5-prbm-7-009]--[@b8-prbm-7-009] The overall themes of these recommendations are similar ([Table 1](#t1-prbm-7-009){ref-type="table"} lists the current sun protection recommendations from relevant health agencies). These include primary prevention measures such as decreasing sun exposure and tanning bed usage, and increasing sun protection such as use of sunscreen, hats, and protective clothing; as well as secondary prevention measures such as early detection screening programs.[@b9-prbm-7-009]--[@b12-prbm-7-009] However, the US Preventive Services Task Force limits its sun protection recommendations to only children, adolescents, and young adults who have fair skin and are aged 10--24 years. Despite these widespread public campaigns, sun-protective practices still fall behind, including Australia, the leading country in sun protection practice.[@b12-prbm-7-009]--[@b21-prbm-7-009]

The following gives a brief overview on the importance of preventive behavior in reducing skin cancer risk, and examines how sun-protective beliefs impact sun-protective behavior in various populations at risk for skin cancer. The goal of this article is not to provide a systematic review of sun behavior, to discuss the overarching behavioral theory, or to make comments on the current recommendations from the health agencies targeting the general population. Instead, we examine the sun behavior challenges facing specific high-risk groups based on existing medical and epidemiologic evidence. To the best of our knowledge, no published review paper examines the behavior findings of all the main high-risk groups discussed here. In addition, we would like to open the dialog with the psychology research community in advancing targeted strategies to help find solutions in the near future.

The importance of preventive behavior
=====================================

Skin cancer can be prevented, and prevention should start in early childhood and continue through a person's lifetime.[@b22-prbm-7-009] A comprehensive meta-analysis has demonstrated that increased sunburns from childhood, adolescence, and adulthood all increase the risk of melanoma.[@b23-prbm-7-009] In addition, effective prevention as well as UV protection is necessary (such as regular self skin exams \[SSEs\] and total body skin exams \[TBSEs\] by a physician), with melanoma mortality rate reaching 24% in those between 75--84 years of age in the US.[@b1-prbm-7-009] From a health care cost and benefit perspective, the best available evidence from Australia suggests that routine sunscreen use is a cost-effective investment for the government in saving health care costs for the treatment of skin cancers in white populations residing in high sun areas;[@b24-prbm-7-009] however, a meta analysis suggested that fair-skinned individuals who live in high latitudes and rely on common sunscreens, which block off UVB but leak a large dose of UVA, for skin cancer prevention may result in higher risk of melanoma.[@b25-prbm-7-009] Thus, UV avoidance is the most important practice in primary prevention of skin cancer, and these methods include: 1) avoid intense midday sun, typically between 10 am and 3 pm, and seek shade whenever possible; 2) wear wide-brimmed hats and tightly woven, full-length clothing; 3) use broad-spectrum sunscreens with an SPF of at least 30, apply adequate amounts, and reapply every 2 hours (more frequently if swimming or sweating); 4) avoid sunlamps and tanning salons.

It has been shown that melanoma is a progressive disease whose prognosis in survival is strongly inversely related to tumor thickness at the time of diagnosis;[@b26-prbm-7-009]--[@b28-prbm-7-009] therefore screening programs, such as regular SSEs and TBSEs, for early detection of skin cancer are an important form of secondary prevention, as early detection and treatment has the potential to improve survival in melanoma patients.

Although there is a current debate on whether sun protective behavior is harmful, including vitamin D deficiency adults living in high latitudes, the US Preventive Services Task Force reported in 2012 that there is little evidence to support such a hypothesis.[@b29-prbm-7-009] Thus, the current best medical practice is to recommend sun protection and early cancer detection.[@b30-prbm-7-009] However, while public health campaigns have been widespread, melanoma incidence and mortality rates are still rising. One plausible explanation for this is the lack of behavioral change in the populations at high risk for skin cancer.

Populations at risk
===================

Statistics from the US are cited here to illustrate the main populations at risk. Although the mean age of diagnosis for melanoma is 52 years, over 35% of cases occur in people less than 45 years of age; it is the most common type of cancer in those aged 25--29 years and the second most common cancer in adolescents and young adults aged 15--29 years.[@b31-prbm-7-009] Individuals who are at significantly elevated risk for skin cancer have been identified as those who have one or more of the following (literature cited in discussing each high-risk group in this paper was obtained using key search terms on PubMed/MEDLINE, and only those published in English were used. Updated dermatology textbook chapters were cited for pathophysiology of skin cancers):

1.  Previous personal history of skin cancer; with melanoma patients having an elevated risk of 4%--9% for developing another primary melanoma.[@b32-prbm-7-009]--[@b34-prbm-7-009] (Search terms used: skin neoplasms; health knowledge, attitudes, practice; health behavior; melanoma; medical history).

2.  Family history of melanoma; having one first-degree relative (FDR) doubles one's risk, and three or more FDRs increases risk by 35--70 times.[@b35-prbm-7-009] (Search terms used: skin neoplasms; health knowledge, attitudes, practice; health behavior; family health; family history).

3.  Physical attributes such as fair skin ± freckling, tendency to sunburn with high number of sunburns in life, red/blond hair, or having a high number of nevi (or moles) or any number of atypical nevi.[@b36-prbm-7-009] (Search terms used: skin neoplasms; health knowledge, attitudes, practice; health behavior; skin pigmentation; skin type; dysplastic nevus syndrome; multiple nevi).

4.  History of organ transplantation, and/or been taking immunosuppressive medication regimens.[@b37-prbm-7-009] (Search terms used: skin neoplasms; health knowledge, attitudes, practice; health behavior; organ transplant; transplant).

The next sections explore whether there has been a change in people's sun-protective behavior, especially in those who are particularly at high risk for skin cancer, and examine how their behaviors are influenced, if at all, by their beliefs on sun-protection. We will examine how sun-protective behavior is influenced in each of the above groups. Most studies are cross-sectional surveys. Other study types such as a case-control study are specified in the manuscript. Other groups at known elevated risk for melanoma and/or non-melanoma skin cancers are not examined here, as they are very distinct entities and few studies examining sun-protective behavior in these specific groups exist, including those with known specific genetic predispositions (eg, xeroderma pigmentosum, melanocortin-1 receptor mutations, CDKN2A mutations, etc), and those with specific disease states (eg, HIV patients, non-Hodgkin's lymphoma patients, etc). We hope that as advancements such as whole genome screening become more readily accessible and widespread, more data on sun behavior would become available in these specific populations.

How sun-protective beliefs impact on behavior
=============================================

Previous personal history of skin cancer
----------------------------------------

In people with a previous history of skin cancer and melanoma survivors, studies in Western countries have consistently shown that attitudes toward sun-protection methods do change significantly before versus after skin cancer diagnosis.[@b20-prbm-7-009],[@b34-prbm-7-009],[@b38-prbm-7-009]--[@b43-prbm-7-009] Surprisingly, it was not the lack of sun-protection knowledge prior to diagnosis that determined attitude, because over 70% of melanoma survivors in six different dermatologic practices in the northeastern US stated that they were well-informed about sun-protection methods before diagnosis.[@b38-prbm-7-009] These patients knew about the risks of sun exposure, but believed that they were not at risk of developing melanoma, which led to inadequate preventive practices and subsequent carcinogenesis.[@b38-prbm-7-009] Melanoma survivors state that the diagnosis of melanoma is the major factor affecting change in behavior.[@b38-prbm-7-009] Alarmingly, perhaps the social and media influence on the physical attractiveness of a tan is so alluring, that 27% in a population-based case-control study conducted in the west coast of Canada still had a positive or neutral attitude toward tanning, even after melanoma diagnosis.[@b41-prbm-7-009] This demonstrates one of the barriers in motivating at-risk populations to put knowledge into practice.

Although there appears to be significant changes in attitude and behavior with a diagnosis of skin cancer, these changes are inadequate given the high mortality rate associated with melanoma. In several Australian, US, and Canadian studies, melanoma survivors showed improved sun-protection behavior such as avoidance of sun exposure, wearing protective clothing and accessories, and application and reapplication of sunscreen.[@b34-prbm-7-009],[@b38-prbm-7-009]--[@b41-prbm-7-009] However, a significant proportion of melanoma survivors still engaged in outdoor activities, showed lack of sun protection habits, and some admitted to getting sunburns.[@b41-prbm-7-009],[@b44-prbm-7-009] It is difficult to explain the risk behavior of this group of melanoma survivors. Research with French and Swiss university students has shown that people will rationalize many hours of high UV exposure in the sun because they have applied sunscreen;[@b45-prbm-7-009] perhaps some melanoma survivors rationalize fewer sun-protective behaviors because they have routine skin exams and follow-up visits with their physician and/or dermatologist.

In terms of secondary prevention, routine skin self-examinations (SSEs) are recommended by the US and the UK for skin cancer survivors even though mortality reduction data is insufficient,[@b46-prbm-7-009],[@b47-prbm-7-009] whereas regular total body skin exams (TBSEs) by physicians are pertinent and can decrease melanoma deaths by more than 50% as reported by a study in northern Germany.[@b48-prbm-7-009] Surveys of high-risk skin cancer patients have shown that a variety of factors contribute to skin cancer survivors' likelihood to perform SSE, such as being female, dermatology visits with lesion biopsy, and perceived personal risk for skin cancer.[@b39-prbm-7-009],[@b44-prbm-7-009],[@b49-prbm-7-009] According to an Australian study, although a higher proportion of skin cancer survivors perform SSE than the general population, only less than half of melanoma survivors (42%) and non-melanoma skin cancer patients (46%) performed SSE within the past year.[@b50-prbm-7-009] Of the melanoma survivors who do perform SSEs, only 13.7%--22% of these individuals reported performing thorough SSEs.[@b34-prbm-7-009],[@b39-prbm-7-009],[@b44-prbm-7-009] This means that over 75% of people in this high-risk group could be missing potential malignancies if SSEs were the only form of secondary prevention, highlighting the importance of two things: 1) the need for increased education on how to conduct proper and thorough SSEs, as only half of melanoma survivors reported having received education on how to do a SSE;[@b44-prbm-7-009] and 2) the establishment that skin cancer survivors are to receive regular TBSEs performed by physicians. A total of 88% of survivors reported having a TBSE in the past few years, and it was shown that perceived risk of melanoma positively correlates to having TBSEs.[@b39-prbm-7-009],[@b44-prbm-7-009] Therefore, the lower a patient's perceived risk is for melanoma the less likely that patient would have a TBSE.

Despite exposure to sun-awareness campaigns for melanoma and skin cancer prevention, data from a Canadian study suggest that the high-risk individuals' and melanoma survivors' pre-diagnosis knowledge, attitudes, and behavior, was similar to those of the general population.[@b40-prbm-7-009] These patients did not seem to be more specifically targeted to receive increased sun-awareness advice prior to being diagnosed with melanoma. Health care professionals such as primary care physicians and dermatologists have a key role to play in actively counseling not only those with a previous diagnosis of skin cancer, but also those at an elevated risk for skin cancer.

Family history of melanoma
--------------------------

Individuals with first-degree relatives (FDRs) who have a history of melanoma are at greatly increased risk for developing melanoma.[@b35-prbm-7-009] Despite this increased risk amongst family members, engagement in skin cancer risk-reduction behaviors is low and a significant proportion of these individuals participate in sun-seeking and tanning behaviors.[@b51-prbm-7-009]--[@b56-prbm-7-009] A US study reported more than one-third of relatives of melanoma survivors rarely used sunscreen and more than 60% rarely or never wore protective clothing.[@b54-prbm-7-009] In another study of 404 siblings of recently diagnosed patients in the Boston area, about half of the adult siblings did not report routine sunscreen use.[@b56-prbm-7-009] An Australian study from 2008 showed that even in individuals with a strong family history (ie, more than three family members with confirmed diagnoses of melanoma), some participants still expressed ambiguity regarding the causes of melanoma and the effectiveness of health behaviors such as sun protection.[@b57-prbm-7-009] Various demographic, psychological, and social factors contributed to differing sun-protection and sunbathing behaviors in these family members. A UK case-control study of 170 individuals with a family history of melanoma and 140 geographic healthy controls reported that higher education level, lower perceived benefits of sunbathing, older age, and greater concerns about photo-aging were associated with higher sun protection behaviors.[@b51-prbm-7-009],[@b58-prbm-7-009] Similar observations were found in a recent phone survey in the northeastern US, which also confirmed that less educated and younger females who expressed higher perceived benefits of sunbathing endorsed higher tanning norms.[@b51-prbm-7-009] Also the sun protection and tanning practices of celebrities, friends, and family also influenced sun behavior.[@b51-prbm-7-009] However, characteristics of the proband's disease, such as stage and time since diagnosis as well as attitudinal variables associated with the severity of cancer such as distress, disease severity, and perceived risk, were not associated with sun protection or sunbathing.[@b51-prbm-7-009],[@b55-prbm-7-009] These findings suggest that targeted intervention in less educated and female relatives of melanoma survivors focusing on attitudinal factors such as perceived benefits of sunbathing, photo-aging knowledge, and social influences may be of benefit in this at-risk group.

When examining sun-protection practices amongst children with a family history of skin cancer, reported sun-protection behavior such as use of sunscreen varied between 42% (all skin cancer types in the family)[@b53-prbm-7-009] and 79% (diagnosis of melanoma in the parent).[@b59-prbm-7-009] The subjects of these two studies were from the US, although the mean age of the former study (14.5 years) was older than that of the latter study (8.1 years). In addition, the proportion of these children that had sunburns in the past year was relatively high, between 39%[@b53-prbm-7-009] and 49%,[@b59-prbm-7-009] which is similar to the rate of sunburns observed in a large study of over 10,000 US children and adolescents.[@b60-prbm-7-009] The high incidence of sunburns may be indicative of inadequate protection as well as the phenotypic predisposition to sunburns inherited from parents who had skin cancer. A number of factors may contribute to a child's level of sun protection, such as parental enforcement of sun-protective practices and level of outdoor activities at school. It has been demonstrated that older children use sun protection strategies less often and are more likely to experience sunburns, potentially reflecting independence from parental control and increased level of sun-exposed recreational activities.[@b59-prbm-7-009]

Adolescents and young adults with a family history of melanoma reported low engagement in sun protection and high levels of sun exposure, with almost one-third of young Swedish adults reporting frequent sunbathing and tanning bed use at least once per month.[@b52-prbm-7-009] In this at-risk age group, sun behavioral influences have been reported to include the preference for tanned skin, having many friends who were tanned, and belief in the worth of enduring the unpleasantness of burning to get a tan.[@b52-prbm-7-009],[@b60-prbm-7-009] A large population-based study of more than 10,000 US adolescents and children showed that the majority of teenagers do not follow sun-protection practices.[@b60-prbm-7-009] It also showed a significant sex difference where girls are more likely to be influenced by their peer network, and had a 6-fold increase in tanning bed use than boys.[@b60-prbm-7-009] Moreover, tanning bed use in older girls was far more likely than younger girls, with rates increasing from 7% in 14-year-old girls to 35% in 17-year-old girls.[@b60-prbm-7-009] Other studies have showed similar female predisposition,[@b54-prbm-7-009],[@b56-prbm-7-009] but some studies did not.[@b52-prbm-7-009],[@b55-prbm-7-009],[@b58-prbm-7-009] The overall trend in this age group again highlights the importance of targeting a set of specific beliefs, attitudinal factors, and peer and media influences in shaping sun behaviors in adolescents and young adults at risk.

Given the known elevated risk in this population with a family history of skin cancer and melanoma, compliance to sun-protective behaviors and avoidance of sun exposure and tanning are overall inadequate. Furthermore, it has been reported that FDRs of melanoma patients rarely present to dermatologists for TBSEs, despite recommendations made to do so;[@b61-prbm-7-009] the reported rates of SSEs among those at risk were varied from 39% in a US study,[@b62-prbm-7-009] 41% in an Australian study,[@b50-prbm-7-009] to 81% in a Swedish study.[@b9-prbm-7-009] These disconcerting trends may suggest that high-risk individuals actually were not made aware of the important facts of skin cancer and risk of melanoma in family members. The potential lack of discussion about this topic between those diagnosed with melanoma and their relatives resulted in inadequate understanding regarding the seriousness of melanoma and level of risk conferred upon family members.

Physical characteristics at increased risk
------------------------------------------

Light skin pigmentation, blond or red hair, blue or green eyes, and prominent freckling tendency are phenotypic features associated with an increased risk of melanoma.[@b31-prbm-7-009] Tendency to sunburn with Fitzpatrick skin phototype I--II (ie, white skin, does not tan or tans with difficulty, and burns easily) is also associated with increased risk, whereas melanoma occurs much less frequently in type V--VI skin (ie, brown or black skin, tans easily, and usually does not or never burns).[@b31-prbm-7-009] Individuals with the above at-risk phenotypic features are typically of European descent, and their vulnerability to elevated skin cancer risk suggests that skin pigmentation plays a protective role. When comparing skin phototypes in terms of sun exposure, a Danish study utilized personal dosimeter and sun-exposure behavior diaries and found that there were no differences in the number of days with UV exposure in skin types I and II, but the UV dose received per day with sunscreen applied was significantly lower in types I and II.[@b63-prbm-7-009] Reassuringly, subjects with skin types I and II also applied sunscreen with a higher SPF than those with other skin types.[@b63-prbm-7-009] These findings are in agreement with a UK case-control study showing that hair color and Fitzpat-rick skin type were not predictive of sunburn frequency.[@b58-prbm-7-009] An Australian telephone survey also observed that skin type was significantly linearly related to sun-protective behavior, such that protection was greatest among skin types I and II.[@b64-prbm-7-009] It was also found that skin cancer beliefs were poor correlates of tanning and protection behaviors in young adults.[@b64-prbm-7-009] While it is encouraging to see that sun-protective behavior is higher in this group due to a tendency to burn and not tan, any sunburn episodes in these individuals incur greater risk for skin cancer given their phenotypic predisposition, and thus, there needs to be continued education and emphasis on hypervigilance when it comes to sun protection in this group.

On the other hand, the above findings also show that those with skin types III and IV (ie, white and light brown/olive skin, tan easily but may initially burn or hardly burn) report the highest tendency to participate in routine indoor and outdoor tanning, especially amongst the younger female population in Europe and Australia.[@b63-prbm-7-009]--[@b65-prbm-7-009] A recent US survey of over 3,800 young females (ages 14--22 years) by the American Academy of Dermatology also showed that a vast majority (86%) of young females who use tanning beds knew that tanning beds cause skin cancer, highlighting risk-taking behavior in the younger population.[@b66-prbm-7-009] This trend is alarming and the psychology driving such risk behavior is intriguing;[@b14-prbm-7-009] it has become a topic of great interest and warrants a separate discussion.

Another physical feature that is an independent risk factor for melanoma occurrence is the high number of melanocytic nevi and/or the presence of atypical nevi. Atypical nevi were defined using the following criteria: there must be a macular component in at least one area; in addition, at least three of the following features must be present: 1) border not well defined; 2) size 5 mm or more; 3) color variegated; 4) contour uneven; 5) presence of erythema.[@b67-prbm-7-009] The relationship between nevi and melanoma has been examined extensively and shown in a meta-analysis of 46 studies,[@b67-prbm-7-009] showing that the risk for people with a high nevi count (between 101 and 120) had almost seven times increased risk than for people with a low nevi count (between 0 and 15). Also, those with five or more atypical nevi were at an increased risk that was six times higher than people without atypical nevi.[@b67-prbm-7-009] In epidemiological studies, the nevi count was consistently correlated with a history of sunburns and with intense sun exposure, especially before the age of 20 years.[@b68-prbm-7-009]--[@b72-prbm-7-009] Given this correlation, intervention and protection early in life is paramount in decreasing the risk for melanoma. Studies of children aged 7 and 9 years from Sweden and Paris, respectively, found that a child's nevi count is strongly influenced by the attitude of his or her parents, and that a higher nevi count was found in children whose parents actively sought the sun on their holidays or for outdoor tanning.[@b73-prbm-7-009],[@b74-prbm-7-009] This means that the parents' lifestyle preferences could determine nevi development and therefore elevated risk of melanoma in children. Another postal questionnaire study targeted at the parents of preschool and primary school children in New Zealand showed that 30% of the parents believed their child looked healthier with a suntan, and 40% intended to let their child get a suntan during the summer, with 29% of the children reported as being sunburned.[@b75-prbm-7-009] Education and prevention campaigns must be aimed at both parents and their children, as parents represent a social model for their children.

In terms of examining influences of sun-seeking or sun-protective behaviors specifically in adults with a high nevi count, existing literature is lacking. Studies of SSE in 440 Canadian adults with atypical nevi using anonymous questionnaires showed that although the majority claimed to perform SSE, those who did so on a monthly basis was less than 10%.[@b76-prbm-7-009] An Australian study showed less than 40% compliance in performing SSE in individuals with phenotypic risks, including skin phototypes I and II, blond/red hair, blue/green eyes, or many nevi.[@b50-prbm-7-009] In individuals within familial atypical multiple mole melanoma families with known histories of atypical nevi and melanoma, one study in the Netherlands found that attitude towards SSEs was the only reliable predictor for SSE performance, even if an individual was capable of performing the examination and had a strong intention to carry out the examination.[@b77-prbm-7-009]

Immunosuppression and organ transplantation
-------------------------------------------

Squamous cell carcinoma (SCC) and basal cell carcinoma (BCC) account for over 90% of skin cancers in organ transplant patients and affect over 50% of white transplant recipients. SCC is the most common in this population, occurring 65--250 times more frequently than in the general population; BCC is increased about ten times; whereas melanoma risk has been reported to be increased by a factor of 1.6--4.[@b78-prbm-7-009] A combination of longstanding immunosuppression and UV radiation likely induces carcinogenesis in this group.[@b78-prbm-7-009] Although transplant patients are also at elevated risk for other types of skin cancers (eg, Kaposi's sarcoma, Merkel cell carcinoma, etc), we will not be examining those here. Given the significantly elevated risk for SCC and BCC, effective sun-protection behavior is of great importance in these individuals, as UV avoidance is more pragmatic and less hazardous than modifying immunosuppressive therapy for transplant patients.

Studies have shown that many organ transplant patients do not use adequate sun protection. A Canadian study showed that one-third of patients did not use sunscreens, and only one-third of patients wore hats and protective clothing regularly and 23% continued to actively seek a tan.[@b79-prbm-7-009],[@b80-prbm-7-009] Alarmingly, a study comparing 200 organ transplant recipients in the US and a random sample of 1,091 US residents discovered that 79% of these patients believed that the appearance of a tan is attractive.[@b80-prbm-7-009] The patients reported an attitude where people look 'better, healthier' with a tan;[@b80-prbm-7-009] this may be a key factor in influencing sun behavior in this population, who may be particularly concerned with the perception of good health after organ transplantation. Evidence also suggests that education in this population is inadequate, given that 88% of organ transplant patients in the study reported not being aware of their increased risk of skin cancer.[@b80-prbm-7-009] Similar deficiencies are observed in other studies carried out in central-eastern Europe and the UK, and a need for education from the transplant health team and dermatologists is clearly demonstrated.[@b81-prbm-7-009],[@b82-prbm-7-009] When dermatology consultation or specific education has been integrated into patient care, follow-up studies in specifically renal transplant patients have demonstrated that the level of knowledge regarding UV protection post-transplantation increased remarkably.[@b83-prbm-7-009],[@b84-prbm-7-009] However, awareness and the perception of risk do not always inhibit risk behavior in this group, shown in a study conducted in Paris where 91% of transplant patients state they have been informed on at least three occasions of the need for sun protection but less than two-thirds of patients avoided sun exposure and/or used sunscreen, and less than half wore protective clothing.[@b84-prbm-7-009] Those exhibiting better compliance were women and of Fitzpatrick skin phototype I and II.[@b84-prbm-7-009]

Aside from attitudinal factors and limited patient knowledge mentioned above as sources of behavioral influence, the cost of sunscreen might be another barrier in some transplant patients, especially those who are retired with fixed incomes.[@b85-prbm-7-009] Oftentimes, this elderly population of transplant patients is particularly at high risk for skin cancer especially if they have had significant lifelong sun exposure. Although the mortality rate is low in non-melanoma skin cancers, they can be a source of increased morbidity in transplant patients (eg, multiple surgical excisions and the risks associated with surgery). The need for dermatology consultation and follow-up examinations in transplant patients is evident, and continued education and awareness is required.

Long-term effects on patient health
===================================

When preventive behavior is inadequate and a diagnosis of skin cancer is made, the news is never pleasant but the impact of the diagnosis on patients' long-term health and quality of life can be highly variable. The outcome depends on circumstances related to both the disease and the patient. Disease-related factors include: 1) the type of skin cancer (ie, SCC and BCC in general have a better prognosis than melanoma); 2) the stage of the cancer (ie, curable topically, procedurally, or surgically if diagnosed and treated in the early phase, but potentially lethal with increased risk and morbidities when diagnosed and treated late); and 3) the nature of the treatment (eg, minor procedure versus major surgery ± systemic treatment such chemotherapy or radiation therapy). Patient-related factors include: 1) one's personal outlook and attitude regarding the diagnosis of skin cancer (eg, tumor-related stress), 2) existing social situations (eg, level of education, socioeconomic status, etc), and 3) other stresses and support network (eg, single vs married, relationships with family and friends, etc). All these can have an impact on patient outcome and long-term quality of life. The most important influences on mortality are arguably the stage of the cancer and the socioeconomic status of the patient.[@b86-prbm-7-009],[@b87-prbm-7-009]

After an individual is treated, those at high risk for developing another skin cancer or recurrence should be followed up by a physician and/or dermatologist on a regular basis. This follow-up care for secondary prevention can also affect long-term health and quality of life for patients. An Australian study on melanoma survivor follow-up showed both perceived benefits (eg, reassurance, information/education, psychosocial support, etc) and downsides (eg, anxiety, inconvenience of travel and time, frequency of visits, etc) to regular follow-up.[@b88-prbm-7-009] The care plan patients receive after the initial treatment of skin cancer is also an important topic to be addressed by the physician at the time of diagnosis.

Conclusion
==========

Skin cancer is by far the most common cancer, and melanoma is one of the few forms of cancer whose mortality rates continue to rise worldwide, with incidence rates increasing faster than any other cancer.[@b89-prbm-7-009] Primary and secondary prevention education has been widespread, but population behavior has not followed adequately, especially among at-risk groups.

Behavior can differ as a result of different attitudes and beliefs, depending on the population at risk. For example, believing the physical attractiveness of a suntan is appealing, contrasted with the effects of photoaging as a motivator for sun protection in women might provide attitude-specific intervention in this population. However, education and behavioral intervention would be different in improving SSE and TBSE rates in high-risk individuals such as melanoma survivors, as one's perceived risk for melanoma can play a key role. In terms of changing behavior in skin cancer survivors, family members of melanoma survivors, and parents who suntan and put their children at elevated risk, there may be significant challenges in translating knowledge into behavior given social and media influences. On the other hand, sun-protective behaviors are practiced to a greater extent in those with Fitzpatrick skin phototype I and II, possibly because of their tendency to burn which is unpleasant, and their inability to tan.

Findings in the literature demonstrate that increased knowledge and awareness does not consequently translate into behavioral changes in practice (eg, transplant patients, adolescent females, etc). A recent systematic review showed that behavioral counseling could influence sun-protective behavior;[@b90-prbm-7-009] thus, this should be carried out keeping in mind that intervention needs to be tailored to the population targeted. More research is needed to gain a better understanding of all the complex factors contributing to low compliance rates in these specific high-risk groups, which would hopefully aid in the development of targeted risk communication interventions that can influence behavior. A concerted effort from a multidisciplinary health team may help in addressing specific concerns and needs, and in turn tailor counseling and education to influence much needed change.
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Summary of sun protection guidelines from relevant health agencies (Accessed October 24, 2013)

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Australian Cancer Council (<http://www.cancer.org.au/preventing-cancer/sun-protection/preventing-skin-cancer/>)
  • Slip on sun-protective clothing
  • Slop on broad-spectrum, water-resistant SPF 30 sunscreen; 20 minutes before going outdoor; never use sunscreen to extend time in the sun
  • Slap on a hat -- broad brim or legionnaire style
  • Seek shade
  • Slide on some sunglasses
  American Cancer Society (<http://www.cancer.org/cancer/cancercauses/sunanduvexposure/skin-cancer-facts>)
  • Avoid direct exposure to the sun between 10 am and 4 pm
  • Seek shade
  • Follow the Slip! Slop! Slap! rules
  • Wrap-on sunglasses
  • Don't use sunscreen as a way to stay out in the sun longer
  • Sun protect even on cloudy or overcast days
  • Avoid other sources of UV light. Tanning beds and sun lamps are dangerous
  US Preventive Service Task Force Recommendations (<http://www.uspreventiveservicestaskforce.org/uspstf/uspsskco.htm>)
  • The USPSTF recommends counseling children, adolescents, and young adults aged 10--24 years who have fair skin about minimizing their exposure to ultraviolet radiation to reduce risk for skin cancer
  • The USPSTF concludes that the current evidence is insufficient to assess the balance of benefits and harms of counseling adults older than 24 years about minimizing risks to prevent skin cancer
  Canadian Cancer Society (<http://www.cancer.ca/en/prevention-and-screening/live-well/sun-and-uv/being-safe-in-the-sun/?region=bc>)
  • Plan outdoor activities before 11 am or after 3 pm or when the UV index is 3 or less
  • Find shade or take an umbrella
  • Cover up -- loose-fitting, tightly woven, and lightweight clothing; wide-brimmed hat; SPF 15+ broad-spectrum sunscreen and SPF 30 sunscreen for planning to stay outdoor most of the day
  • Wear sunglasses
  • Don't use indoor tanning beds
  European Skin Cancer Foundation (<http://www.escf-network.eu/en/patients/prevention/being-in-the-sun.html>)
  • Avoid sun exposure between 11 am and 3 pm
  • Use sunscreen regularly/daily SPF 30 or higher, effective for UVB and UVA
  • Apply sunscreen 20--30 minutes prior to sun exposure
  • Think of using sun-protective textiles
  • Use a hat or cap
  • Protect your eyes with sunglasses
  • Drink enough water to ensure sufficient hydration
  • Avoid artificial sunlight (sun beds/tanning salons)
  World Health Organization (<http://www.who.int/uv/sun_protection/en/>)
  • Limit time in the midday sun (between 10 am to 4 pm)
  • Watch for the UV index
  • Use shade wisely
  • Wear protective clothing -- wide-brimmed hat, sunglasses, tightly woven, loose-fitting clothes
  • Use sunscreen: broad-spectrum sunscreen SPF 15+, reapply every 2 hours or after working, swimming, playing, or exercising outdoors
  • Avoid sunlamps and tanning parlors
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Abbreviations:** SPF, sun protection factor; UV, ultraviolet; USPSTF, United States Preventive Service Task Force; UVA, ultraviolet A; UVB, ultraviolet B.
